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(57) Abstract: An optical transmission network with protection configuration comprises an operational connection (WF) for signals 
having a high priority (tru) and a protection connection (PFO for the transmission of high-priority signals (irH) in the event of an ciiot 
condition of the operational connection (WF). In the protection connection (PF), switching elements (Si, S2) are located having 
therebetween a section (PFO over which, in the event of undisturbed operation, a signal of low priority (irO is conducted. The 
switching means are controlled by detection nrieans (M,/C|, M2/C2). In the event of an error condition, the high-priority signal on 
the protection connection is detected, and the switching means are switched in such a manner that a low-priority signal transmission 
is no longer possible. The low- and high-priority signals may be WDM signals, and the section may be part of an optical annular 
network. 
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Optical tranaaission network liaving a protactioa configuration. 

A. BACKGROUND OF THE INVENTION 

The invention lies in the area of c^tical transmission 
networks. More in particular, it concerns an optical 
transmission network having a protection configuration for 
transmitting optical signals having a low and a high priority, 
according to the preamble of claim 1. 

Such an optical transmission network is disclosed in 
, r^feijeiKMa^, til (for more hibliographi<»il^ -det^ai^ aee; below under . 

For a protection configuration in optical transmission 
networks, basically four schemes are known, which are denoted by 
1+1 protection, Irl protection, 1:N protection an^ m:N 
protection, respectively. Said schemes relate to signal 
transmission over one (schemes l+l and 1:1) or more (schoies l+N 
and MsH) operational fibre connection(s) ("working fibre (s)«) and 
one (schemes 1+1, Xsl and 1:N) or more (sheme M:N) protection 
fibre connection (s) .('protection fibre(s)"), hereinafter to be 
referred to as an pperaticmal connection and a protection 
connection, respectively. In the 1+1 scheme, the signal 
transmission takes place over the operational connection and the 
protection coxmection simultaneously, the destination side 
selecting either of the two connections for receipt. ' In the 1:1 
scheme €uid in its more general forms - the schemes l:N and M:N - 
a protection connection is basically taken into use for signal 
transmission only iii tb^ event that the signal transmission over 
an operational connection is disturbed, such as, e.g., due to 
fibre rupture. With said three schemes, under normal, i.e., 
undisturbed operation, the protection connection is therefore not 
in use. Such connections, which are not used under normal 
circumstances, may be used for traffic having a low priority, as 
is known (see reference [11 ) , to increase the total traffic 
capacity , which traffic has to make way, however, for protection 
traffic which, in the event of a disturbed operational 
connection, is led via the protection connection, and which is 
assigned a high priority. In order not to disturb the protection 
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traffic having a high priority, or at least to disturb it as 
little as possible, said making way must take place as fast as 
possible. In optical transmission networks, to which such 
protection schemes are being applied, switching over to a 
protection connection in roost cases occuars under the control of a 
central operating system, or by way of a signalling protocol. 
The removal of the traffic having a low priority from a 
protection connection to be taken into use for protection 
traffic, too, might take place by interventicm of a central 
control or by way of a signalling protocol esqianded for ^^lat . x': f C. 
purpose. This would take place much too slowly, however. 
Therefore, there is the desire in a transmission network of the 
type referred to above to have the low-pxiority traffic on a 
^ protect;ion coxmection give way to the high-priority traffic 
without intervention of a central control, or without applying 
any signal.llng protocol. 

B. STIMMARY OF THE INVENTION 

The object of the inventira is t.o provide for an optical 
transmission network of the type referred to above, which 
accommodates the desire referred to above. For this purpose, the 
transmission system of the type referred to above according to 
the invention is characterised as in claim 1. In this 
connection, the invention msJces use of the fact that, by means^ of 
optical detection of the presence of protection traffic on the 
protection connection it may be decided, in the opticaJl domain 
itself, when the low-priority traffic of a relevant part of the 
protection coxmection must make way. In general, for the 
detection may be applied detection means may be applied which 
are selective for one or more signal characteristics in which the 
signals having high and low priorities differ from one another, 
such as, e.g., in wavelength, in transmission direction, or also 
via a signal ccxnponent specific to the high-priority signal, such 
as a pilot signal. For this purpose, in preferred embodiments 
the invention has the characteristics of claim 2, claim 3 and 
claim 4, respectively. 
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Annular optical network are typically suitable to the 
application of protection configurations according to a 1:1 
scheme or, din the event of WDM rings (WDM = Wavelength Division 
Multiplex) according to a 1:N scheme or an M:N scheme. Xn this 
connection^ the protection may take place at the level of an 
optical -multiplex section {= QMS) of such a ring, such as, e.g., 
disclosed in reference [21, or at the level of an optical channel 
(= OCH) . A further object of the invention therefore is to also 
provide for an annular optical netmrk whose capacity of signal 
.transmission me|.y be.; increased by applying low-priority traff ic- ' 
over protection connections present in such rings. An ainthular ' 
optical network according to the preamble of claim 13, known per 
se from reference [2J , for this purpose is characterised, 
according to the invention, as in claim ±3. 

other preferred embodiments of the invention have been 
summarised in further subclaims. 

The invention, makes possible a more effective use of the 
capacity of optical networks in general, and ^rmni^v^ optical WDM 
networks in particular. By applying low-priority traffic over 
protection connections according to a 1:1 scheme during 
undisturbed operation, the capacity of the network may even be 
substantially doubled. The reaction time for having the low- 
priority traffic give way to the high-priority traffic is 
substantially restricted, only by the switching time of optical --^ 
switches which, for the current prior art, lies in the range of 
several microseconds to several milliseconds. The decision to 
switch over is taken,, locally in the optical domain, therefore 
requires 'ho central contrbl or any other signalling in the 
optical network, and may be carried out relatively fast. Nodes 
of an optical network may basically be arranged identically for 
adding or dropping low-priority traffic, not only for such 
traffic between adjacent nodes « but also for transit traffic. 

C. REFERENCES 

[1] R. Ramswami & K.N. Sivarajan, "Optical Networks: A 

Practical Perspective", Morgan Kaufmann Publishers, Inc., 
San Frcuicisco, California, 1998; more particularly Chapter 
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10 "Control ud Management", Section 10.4.1 "Protection 
Conc^ts", pp. 430-434; 
[2] F. Arecco et al., "A transparent, all-optical, metrcypolitan 
network experiment in a £ield environment: The "PRQMSTEO" 
5 self-healing ring", J. Lightwave Technol., Vol. 15, No. 12, 

December 1997, pp. 2206-2213. 

D. BRIEF DEiSCRIPTION OF THE DRAWING 

The invention will be explained in greater detail by 
10 refierence to -a drawing coinp the f bllbwixDg ^^igures : 

FIG. 1 schematically shows a f ir^t exentpialry dmbbdimient b£ 

the invention; 

FIG. 2 shows a first variant for a component of the 

exemplary embodiment according to PIG. 1; 
IS FIG. 3 shows a second variant for an identical component as 

the one shown in FIG. 2; 
FIG. 4 shows a first variant for a con^onent of the 

exempleury embodiment shown in FIG. 1 for application 
in a WZM connection; 
20 FIG. 5 shows a second variant for am identical congponent as 

the one shown in FIG. 4; 
FIG. 6 schematically shows an annular optical network to 

which the izxvention is applied; 
FIG. 7 schematically shows a node of the network 'according 

25 to FIG. 6; 

FIG. 8 shows a scheme for wavelength allocation for WDM 

channels for transmitting WDM signals over the 
network of FIG. 6; 
FIG. 9 schematically shows a component of the node shown in 

30 FIG. 7. 

E. DESCRIPTION OF EXEMPLARY EMBODIMBNTS 

The exemplary embodiments described below are restricted, 
only for reasons of simplicity of description, to a protection 
35 configuration according to a 1:1 scheme. The principle of the 

invention, however, is also applicable to protection connections 
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In protection configurations according to the more general 
schemes 1:N and H:N. 

FIG. 1 schematically shows a protection configuration 
according to a 1:1 schone, to which the invention is applied. 
The configuration con^rises a point-to-point connection between a 
(signal) source S and a (signal) destination D« tdiich may be part 
of a more extensive optical network, the source and the 
destination being located in different nodes and N, of the 
network, as drawn, but which may also be separate. Between the 

. : > sc^cerS i^^ N^/ and the destination ^f^^c^xibd^ 

physically- separated, optical signal cdsfdectiozis a:^ located, 
namely, an operational connection WP ("working fibre") a 
protection connection PF ("protection fibre") which runs by way 
of, e.g., network nodes and N^. Said two connections ar^ 
placed between a first protection switch PS^ in node at the 
side of the source, and a second protection switch PSa in node Nj 
at the side of the destination. In normal, i.e., undisturbed 
operation, the protection, switches are in switch modes such that 
signal traffic between the source 8 and the destination D takes 
place by way of the operational connection WF. In the event of a 
disturbance of the operational connection WF, e.g. , due to fibre 
nq^ture, in both protection switches switching over to the 
protection connection PF takes place. The control of the 

, ,:'^protection: switches, which are not further desibted ±n the figure, 
takes place in the known way and is not per se part of the 
invention. In the protection cozmection PF, two optical switches 
,Si and §2 are included, which enclose a section PF,^ of the 
protection connection bet Ween netwbrk nodbs and' N^. The 
switches and may be switched between a first switch mode 
(parallel mode in the figure, having interrupted lines) , in which 
first and second ports p^ and p^ are intercomected with third and 
fourth ports p, and p^, respectively, and a second switch mode 
(cross mode in the figure, having drawn lines) , in which the 
first and second ports p^ and pj are interconnected with the 
fourth and third ports p^ and p,, respectively. The switches 
and Sa are controlled by control signals given off by signal - 
detecting means and M,, respectively, which are coupled to the 
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optical signal-tapping means and C,, respectively, placed at 
the first port p^ of the switches and 83 • The signal -taqpping 
means are measured and orientated in such a manner that they tap 
a fraction, e.g., 10%, of the power of an optical signal entering 
at the port p^ of the switch in question, and conduct it to the 
detection means coiqpled to the tappixig means. 



The configuz-ation operates as follows. A distinction is 
made between signal traffic having a high priority and signsd. 
: f - itraffic having a low priority^feThe si between the 

source S and the destination D is traffic having a high priority, 
denoted in the figure by trg, and hereinafter is also denoted by 
high-priority signal trg. In the event of undisturbed operation, 
the signal treiffic having a high priority, tfe, is conducted over 
the operaticMial connection HF. Only in the event of disturbance 
on the operational connection, the protection switches PS^ and PS, 
are switched over, and the traffic tr^ between the source S and^ 
the destdLnation D is conducted by way of the protection 
connection PF. Zn order not to leave the protection connection 
unused in the event of undisturbed operation, in order to 
jLncrease the signal -transport capacity in the network, signal, 
traffic is conducted over at least a portion of the protection 
coxinection PF, in this case section PPx- Said traffic, which is 
referred to as signal traffic' having a low priority or low- 
priority signal, denoted by tr^, must disappear from the 
protection connection, however, as soon as use is to be made of 
the protection connection by the signal traffic having a high 
priority. In the undisturbed sit\iation, the switches and S, 
both are in the cross mode indicated above. NOw, there are two 
options for conducting the signal traffic having a low priority u 
tr,. <i over the section PFj. of the priority connection PF in 
question. According to the first cation, referred to as the co- 
directional variant, the signal traffic tr,. (continuous arrow) is 
added, via the second port p, of the switch S,^, to the connection 
section PF^, and is dropped therefrom at the fourth port P4 of the 
second switch S,. According to the second option, referred to as 
the coimter- directional variant, said signal traffic is added to 
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the connection section PPj^ in the opposite direction (interrupted 
arrow) by way of the fourth port p^ of the switch S,, and dropped 
from it at the second port p, of the first switch S^. Due to the 
cross mode of the switches, section PP^ is disconnected, as it 
were, from the total protection ccmnection for the benefit of use 
for signal traffic having a low priority. As soon as the high- 
pr±or±ty signal tra is conducted over the protection connection 
PF by switching over the protection switch PS^, however, the 
protection connection must be restored as soon as possible. For 
y, signeiai^^lJ^ir^^-'^V- 
at the port p^ of the switch in node- is detected by the ' - - 
detecting means M^, the switch is set to the parallel mode. 
The high-priority signal tra propagates over the section PF^, 
further in the direction of the secozid sWitc^ Vs, in node N^. 
There, the arrival of ScLid signal at the port p^ of the second 
switch S, is detected by the detection means M,, and the switch S, 
is set to the parallel mode. After switching over the switches 
Sj. and S, to the pareO-lel mode, the protection connection PP is 
restored, and the low*priority signal tr^, in the co-directional 
variant at switch s^ in node JS^ and in the counter-directional 
variant at switch S, in the node N4 is no longer added to the 
section PP^, and the high-priority signal tra is conducted to the 
destination D. The counter-directional variant has the advantage 
that the detection means ^M^ and Mj, due to a direction-seleeti'Ve ^'--o. ; 
arrangement of the signal -tapping means Cj and C,, do not require 
any further measures to be capable of detecting the arrivaa of 
the Mgh-rpriority signal tra. Tlxe counter -directional variant, 
hbWev^ier , is less - 8iini>le to combine with optical ani>iiiiersl Xti • • 
the co-directional variant, it is a requirement that, at any rate 
in the node N., with the detect icm means Mj together with the 
tapping means C,, a selective differentiation is possible 
between states in which, at the port p^, the high-priority signal 
tra is, and is not, present. This may be achieved, e.g., by 
having the high-priority and low-priority signal traffic take 
place, at various wavelengths, more generally at various 
wavelength spectra, and, e.g., render the tapping means or the 
detection means M, wavelength- selective for the wavelength, or 
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(part: of) the wavelength spectrum in which the wavelength 
spectrum o£ the high-priority signal differs from that of the 
low-priority spectrum, as the case may be. In order to keep the 
configuration unequivocal, the tajq^ing means or the detection 
means preferably have one and the same wavelength selectivity. 
A detection mechanism which is based on wavelength, selectivity is 
very efficient in the event that the high-priority and/or low- 
priority signals are WDM signals (see below) . 

In either varieuit - the co-directional and the cpunter- 
directiotialvV^ instead of wavelength or xdirect±onal selectivity 
use maybe made of detection mecins which are iselective for a 
signal which is typical for the high-priority signal, and which 
is not present in the low-priority signal, such as a pilot signal 
having a specif ic nioduiat ion which may be recognised by .the 
detection means- 

The protection connection PF may be broken down, into 
several sections, similar to the sect±mL PFi, for* the benefit of 
still more low-priority traffic, e.g., in the event that the 
protection connection runs by way of still other network nodes. 
In this case, the priority connection PF includes thxee or more 
switches, similar to the switches and S,, having aissociated 
detection means. In this connection, transit traffic is also 
possible by setting interim switches in the parallel mode, as 
required. iJlpon arrival of the high-priori ty^^ignkl'; these need 
no longer be switched over. 

The application of tapping means at the first port Pi^ of 
the switches Sj and S^, for the benefit of the detection of, the 
high-priority signal, has the drawback that, in the event- of ^ use 
of the protection connection PF, the signal is weakened too much 
when passing a number of switches. This may be prevented by 
placing the tapping means at the fourth port p^ of each switch. 
This is shown in FIG. 2 for a switch S, and tapping means C,. 

If for a switch the port P4 is not in \ise for adding or 
dropping the low-priority signal, in the counter- directional and 
the co-directional variant, respectively, the detection means may 
also be connected directly to the port P4. This is shown in FIG. 
3 for a switch S4 cuid detection means M4. 
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In the exemplajry embodiments described so far, both the 
high-priority and the low-priority signal may be an optical wm 
signal, which signals are conqpletely switched by the various 
switches. X£, however, the high-priority signal is a nDH signal 
cmprising a number of n WDM channels, each WDM r»>i«nTi^i 
corresponding to a separate wavelength ^ {i8l,-,n) in the WDM 
signal, basically any HOm channel may also be utilised 
sepsurately over one or more sections of the protection 
connection, for signal transmission having a low priority. For 
, this pmrpose, an. Optical Add/Drop Multipl^acer:^^^^^ - ^ ■ 

hereinafter to be referred to ais OADM, at the hg^jjiTinj -h^ iat^vi" 
the end of each section, instead of a singular switch with 
associated detection m&ans, such as the switches S^ and in FIG. 
1. The individiial WDM ^chaxmels are further denoted by their . 
wavelength (i=l,-,n) . FIG. 4 shows a first variant thereof in 
a counter-directional embodiment, an OADM 40 being included in a 
protection connection. The OADM comprises a bidirectional 
(de) multiplexer 42 having an I/O port 44 and a bidirectional 
(de) multiplexer 46 having an I/O port 48, for splitting off azid 
rejoining a number of n HDM channels X^.-.X^ in either signal- 
transmission direction. In the WDM channels Xi,-,Xn, optical 2x2 
switches SPx^-.SP^ are included, provided with detection means 
MMi,-,MM|n«. all this for. ea ch WDM channel in a similar way as the 
switch S,^ or 3a with associated detection means in FIG. 1. For 
adding or dropping signals having a low priority Q. tr,. H ait the 
fourth and the second port of the switches, respectively, in the 
. eveiit Of . uxidisturbed oj^ji^atibn the switches SP^^Q6^„ are isi . th^: 
cross mode. As soon as the high-priority tr^ enters the I/O port 
44 of the (de) multiplexer 42 as a WDM signal, said signal is 
split up into signal components in the various WDM channels A^,- 
,Xb. Subsequently, in each channel the possibly present signsQ. 
component of the high-priority signal is detected separately and, 
after switching over the switch associated with the channel, 
passed on to the (de) multiplexer 46, and finally rejoined, 
together with signal con^nents of the high-priority signal 
passed on in other channels, to form a HDM signal of the high- 
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priority signal trg which propagates itself further over the 
protection connection by way of I/O port 48. 

In a similar way aa in FIG. 4, FIG. 5 shows a second 
variant for a WDM application, this time in a co-directional 
5 embodiment. In said varleuit, the high-priority signal tr. Is a 

WDM signal which, £^>art from the number of n nnxn chamnels still 
cozrprises an additional WDM channel having a specific wavelength 
Xs, which has a recognition function for the high-priority signal 
on the protection connection, and whose presence of the high- 
"itr^^ V^'iority' signal on'thfe'-'^rofec^ti^ ^r'pt^^v 
unequivocally capable of being detected. This additionaJi. WDM 
channel , which hereinafter will also be referred to as signature 
channel X^, may already be associated with the high-priority 
signal over the operational connection, but may also be added to 
15 the signal only upon transition to the protection connection. 

The high-priority signal including the signatiire channel is 
denoted by trgCA..) . FIG. 5 shows an OADM 50 included in a 
protection connection at the begizming or the end of each section 
of said connection which is used for low-priority traffic. The 
20 OADM 50 ccnnprises a demultiplexer 52 having an input port 54 and 

a multiplexer 56 having an output port 58, respectively , for 
splitting off and rejoining a number of n WDM channels and 
the additional W!»9 channegl . In the WDM channels A^»-,>^, 
optical 2x2 switches SQ^,-,SQaare ijicluuied, all this for each WDM 
25 channel in a similar way as the switches or S^ in FIG. 1, this 

-. time without .the associated detection means. Detection means MM 
^- are cpi^>led to the additional WDM channel X^, for slnultanequsly 

driving the switches SQx,-#SQb in the WDM channels X^,-,^^. For 
adding or dropping signals having a low priority tr^, at the 
30 second and the fourth port of the switches, respectively, the 

switches SQx»*,SQ„ in the event of undisturbed operation are in 
the cross mode. The recognition channel X^ in this connection is 
not used for low-priority traffic. As soon as the WDM signal, of 
the high-priority signal trB(Xs) enters the input port 54 of the 
35 demultiplexer 52, it is split up into signal, cmiponents in the 

vaurious WDM channels X^ , - , X^ and X^ . Subsequently, the presence 
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o£ the high-priority signal is detected «d.th the detection of the 
:8ignal component in the recognition channel and the switches 
^Qi#-»SQn in the WDM channels K>'^K are switched over, as a 
result of which the signed, components are passed on to 
multiplexer 56. There, the signal COTsponents in the various WDM 
channels are rejoined to form a WDM signal of high priority 
tra(Xs) , which may propagate via the output port 58 over a 
protection connection coupled thereto* 

Both the OADH 40 in FIG. 4 and the QADH 50 in FIG. 5 may be 
arf^ang^d '"-to ' "Still -"j^ro'cess '^'sigSSai's '* 'in' other'' 'litfiM ■ chmnfelisV' *" 'dmi^^ 
in the figures by {X^}, which relate to operational signal 
traffic having a protection path by way of another part of the 
nfstwork (not shown) . For this purpose^ there may also be 
utilized the operational connection WF of FIG. 1 itself, provided 
the nodes and N2 are equipped with fitting QADHs for that 
purpose. Such a protection principle is applied, inter alia, in 
annular optical transmission networks having a protection 
configuration for the transmission of WDM signals/ in such 
networks , hereinafter to be denoted, for briefness* sake, by WDM 
rings, three or more nodes are included in, and mutually 
connected by, (at least) two optical connections forming two 
rings, hereinafter to be referred to as a double ring, for the 
transmission of WDM signals between the nodes in two transmission 
directions ^>posite to one another. In this connection, <ffft r h 
node is provided with protection* switching means for switching 
over from signal transmission over an operational connection in a 
ifirst;- or. .i^:ra rsecond traiasmission.. .direction, to signal v* " 
transmission over a protection connection by way of the double 
ring in the second or in the first transmission direction, 
respectively. In this connection, an operational coxmection by 
way of a section of the double ring between each pair of adjacent 
nodes in the dotible ring always has a protection connection by 
way of a portion of the double ring which is complementary to 
said section, in the event that the operational connection over 
said section of the double ring ends up in an error condition. 
In WDM rings having so-called optical multiplex section 
protection (= OMS protection) , the entire complementary portion 
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belongs to the protection connection. In WDM rings having 
optical channel protection (= OCH protection) the con5>lementary 
part is not necessarily part, as a whole, of the protection 
connection, all of this depending on which nodes of the double 
ring have the high-priority traffic over the operational 
connection as its source and its destination. In either type of 
WDM ring, it is basically possible to cohduct low-priority 
traffic over the protection ccmnections present in the rings, 
both in the co-directional and in the counter-directional 
^tOoodxiasxit^y'^ as'' described 'iibvyv'''' -> ^ ■■ 

Below, on the basis of the figures PXG. 6 to 9 inclusive, a 
specific form e^f ikdm ring is described having 0H8 protection, to 
which the invention is aM»lled. FIG. 6 shows such a network SN 
having four nodes RNl. rh2, BN3 and KN4, which are iiiclud^ in a 
double ring DR, comprising an outer ring Rl and an inner ring R2, 
respectively, having signal traffic between the nodes In a first 
trahsmissiori direction (clockwise in the figure) , and having 
signal traffic in a second transmission directicai 
(anticlockwise). As schematically shown in FIG. 7, a node 70. 
such as a node RNi (with 1-1, -.4) of the double ring DR, 
comprises a first QADM 71 and a second OADH 72, Included In the 
outer ring Rl and In the Inner ring R2, respectively, for adding 
and dropping (arrows A/D) of WDM channels on the double ring DR 
in either tr^tt^ directlcm. Furtheri^rer tike n^ 70 

comprises protection switches 73 and 74, Included on either side 
of the QADMs in the double ring DR. The protection is such that. 
In the ^vent, of i^ormal operation, the rings Rl and R2 ar^ intact . 
However, in the event of an error condition, in an operational 
connection over a section between two adjacent nodes or in a node 
Itself, the protection switches, e.g.. under the control of a 
central operating system, or also with the help of detection 
means in the optical domain, on either side of the section in 
question of the double ring, or on either side of the node in 
question, are switched in such a manner that the section, or the 
node having the error condition, is disconnected from the double 
ring. In this connection, the operational signal traffic in 
question over the double ring in the one transmission direction 




wo 01/05083 



13 



PCT/EP0Q/D64Q3 



15 



20 



25 



30 



in the protection switcli is reversed in direction £or the 
disconnected part of the double ring, and conducted over the 
double ring in the other transmission direction as protection 
signal traffic. 

Over both the inner ring and the outer ring, signal traffic 
is possible of WDM signals comprising 2n^2 different WDM 
channels. FX6. 8 shows a diagram of the. mvelength allocation of 
the various WDM channels. To the outer ring Rl, belongs a first 
set {Wl} of n^l WDM channels , i.e.« n channels X^, and a 
...r recognition., qh^^ /^v. 
operational signal cmnectidns by way of the outer rding. To the 
inner ring R2, belongs, similarly, a first set {W2} p£.ii*X WDM 
channels, i.e. , and a recognition channel X^z. which form 

operational channels for operational signal connections by way of 
the inner ring. Furthermore, both the outer ring Rl and the 
inner ring R2 are associated with a second set, or the set {P2} 
of the WDM channels Ki^x» ' ^ ^he case may be, and the. 
recognition channel and the set {Pl} of the WDM channels A^,- 
,Xn and the recognition channel X.^, which form protection 
channels for protection traffic, on the outer ring Rl in the 
event of an exiror condition of an operational connection on the 
inner ring R2, auid on the inner ring R2 in the event of an error 
condition of an operational connection on the outer ring Rl, 
respectively. Over the sections of both the outer ring Rl and 
the inner rizig iR2 between each pair of adjacent nodes, such as, 
e.g.* the pair RN2 .and RN3, or the pair RN4 and RNl, over the 
. rec6gnitibn.'chj^^ from the first sets . {ld:}^^^'£^ 

respectively, of c^>erational channels, permanent, so-called 
next -door-neighbour connections nb are maintained, such as, e.g., 
the next -door-neighbour connections nb over the secticm of the 
outer ring Rl between the nodes RNl and RN2, and over the section 
of the inner ring R2 between the nodes RNl and RN4. In the event 
of an undisturbed operation, the protection channels of the 
second sets {Pl} and {P2}, with the exception of the recognition 
channels X^^ and X^^ on ^be outer and inner rings, may be reused 
for signal traffic having a low priority, which must maJce way 
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upon the appearamce of signal traffic having a high priority « 
i.e., protection traffic originating from operational channels 
corresponding to the protection channels in (question of the first 
sets {Wl} and {W2}. For this purpose, in each QADM of each node« 
the protection c hanne ls are provided with switching means and 
with detection means for controlling the switching means, all of 
this in a simular manner as in the QADM 50 (see FIG. 5) • FX6. 9 
schematically shows an QADM 90, included in the outer ring Rl. 
The QADM 90 includes a demultiplexer 92 having an input port 93 

{nv saiid^a multiplexer 94 having aniv6utput>^p^ which the 

channels of the first set {Wl} of bperatibnal channels ariH of the 
second set {P2} of protection channels are split up. In the 
operational channels , A/D switching means are included 96 for 

•'. adding/dropping or switching tlirough signals in each channel 
separately. In the recognition channel X^^ of the set {Wl} of 
operational channels, an A/D switch 98 is included, which in the 
figure is shown separately to indicate that it is permanently in 
the cross mode for the benefit of the next -door-neighbour 
connecticms nb in the incoming and outgoing directions. In the 
protection channels, with the exertion of the recognition 
channel X.,, switching means SQ are included for adding/dropping 
or switching through signaLLs having a low priority tr,,(l) in each 

. protection channel separately over the outer ring Rl . To the 
recognition channel of the set {P2} of protection channels, 
'■ detection means MM are coupled for collectively controlling the 
switching means SQ. When the presence of a high-priority signal 

; . tr^nt^a)^ is detected t^on^^^^ of the demultipl%ker\92 - 

in the recognition channel X^,, all protection channels are 
switched through by the switching means SQ, in such a manner that 
no low-priority signals tr^^d) can be added or dropped any 
longer. 

Such a WDM ring has the great advantage that, as a result 
of the permanent presence of a next -door-neighbour connection 
between each pair of adjacent nodes over a V4DH channel having the 
same wavelength, i.e., the recognition channels and X^s on the 
outer ring and the inner ring, respectively, in the event of an 
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error condition on a signal connection over any operational 
channel whatsoever, the protection signal, axiywhere on a 
protection connect ion over the double ring, always conprises the 
recognition channel in question and is capable of being detected 
thereon in the optical area. 

In the event of the exemplary embodiments described, tbe 
co-operation of the detection means and the switching means 
preferably is such that, if the high-priority signal is no longer 
detected on the protection connection, the switching means are 
.9^ inrW^c4»':^)c>w-priprity:: traffic is . 

once again possible. ^ , > ■ 
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F, CLAIMS 

1. Optilcal transmission network with protection for the 
transmission of optical signals having several priorities, 
ccnnprising : 

an operational connection through the network for 
transmitting an optical signal having a high priority, and 
a protection connection corresponding to the operational 
connection for transmitting the optical signal having a 
;-*high\:priorifcy' i^ error^c^nditiohM^f• t^ ■h-^-.i- 

opierational connection, which protection connection is, at 
least in psurt« arreuiged for transmitting an optical signal 
having a low priority, which gives way to the transmission 
of the optical signal having a high priority iii the event 
of said error condition, 
characterised in that 

scu.d part of the protection connection is provided with 

optical detection means for detecting the optical signal 
having a high priority on the protection connection, and 

-I- optical switching means for switching on and off the 

transmission of the optical signal having a low priority 
over said part of the protection connection under control 
of the optical . detection means. 

2. Optical transmission network according to claim 1, 
characterised in that the protection connection includes at least 
one pptical-cpnnectipn section oy which the transmi-ss^^ 
optical signals having a low priority takes place at a first 
wavelength spectrum, the transmission of the optical signals 
having a high priority takes place at a second wavelength 
spectrum, which differs from the first wavelength spectrum, and 
the optical detection means are wavelength- selective for a 
difference spectrum in which the second wavelength spectrum 
differs from the first one. 

3. Optical transmission network according to claim 1, 
characterised in that the protection coxmection includes at least 
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one optical -connection section, which is bidirectional anrt over 
which the transmission of the optical signals having a low 
priority takes place in a direction opposite to the one of the 
tramsmission of the optical signals having a high priority in the 
event of an error condition of the operational connection, and 
the optical detection means are direction-selective. 

4 . Optical transmission network according to claim 1 , 
characterised in that the protection coxmection includes at least 
one optical -connect which, the/transmissioir; of ^^^^^^^^^ 'r*": 
' optical signals having a low priority takes place, the optical 
signails having a high priority include a signal which is specific 
for signals having a high priority, and the optical detection 
means are selective for said specific signal. 

5. optical transmission network according to claim 2, 3 or 4, 
characterised in that the switching means include a switch which, 
in a first switching mode, adds and drops, respectively, the low- 
priority signal . to or from the protection connection and;, in a 
second switching mode, passes the high-priority signal on over 
the protection connection. 

6. Optical transmission network according to claim 5, 
characterised in that the detection means include an optical - 
power splitter for tapping a paurt of the optical power present on 
a port of the switch to which an incoming end of the protection 
connection is coupled. . . 

7. OpticaJL transmission network according to claim 5, 
characterised in that the detection means include an optical - 
power splitter for tapping a portion of the optical power present 
on a port of the switch which, in the first switching mode of the 
switch, is connected through to a further port of the switch to 
which an incoming end of the protection connection is coupled. 

8. Optical transmission network according to claim 

5 , characterised in that the detection means are directly coupled 
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to a port of the switch which, in the first switching mode of the 
switch, is connected through to a further port of the switch to 
which an incoming end of the protection connection is coijqpled. 

9. Optical tramsmission network according to any of the 
clums l,-,8, characterised in that: 

the high- and/or low-priority signals are WDM signals. 

10. Optical transmission network according to any of the claims 

\^}'iy^Z^.^}^imA: 4,...characterised-fija-: that;:.^-.^^^^^^ • . yv ;r^K- 

the high- and low-priority signals are signals, with 

the WDM signal of the low-priority signal COTtprising a 
number of WDM channels which is a subset of the ntamber of 
WDM channels in the WDM signal, of the high-priority signal, . 
on either side of each opticeU.- connection section in the 
protection connection, an OADM is included of which the 
switching means and detection means are part, 
with, per OADM, 

•I- the detection means being coupled to at least one of the 
wms channels of the high-priority signal, and 

•I- the switching means per WDM channel of the low-priority 

signal including a switch which, tmder the control of the 
detection means, has two switching modes - a first 
switching mode for adding and dropping signals having a low 
priority and a second switching mode for passing on signals 
having a high priority. 

11. Optical 'trGmsndssioh'']^e£wbrk accorddlng to claim XO , ' ' ^ r - 
characterised in that the high-priority signal includes a WDM 
channel having a wavelength which is specific to the hiigh- 
priority signal, and that the detection means are coupled to the 

WDM channel having said specific wavelength. 



12. Optical transmission network according to claim 10, 
characterised in that the detection means per WDM channel include 
an optical-signal detector for controlling the switch associated 
with the WDM channel in question. 
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13 . Annular optical transmission network with protection, for 
the transmission o£ optical WDM signals, comprising: 

a nuniber of nodes Included In, and mutually connected by, 
two optical connections forming two rings, hereinafter 
separately referred to as first and second rings, and 
together referred to as double ring, for signal 
transmission In two opposite transmlsslra directions 
between the nodes, 
j ..;WitJi each node being provided with y.a first ein a second. 
QADM, Included In the first and In the second' "ring, 
respectively, and with protection* switching means for 
switching over from signal transmission over an operational 
connection by way of the double ring In a first and In a 
second transmission direction to signal transmission over a 
protection cozmectlon by way of the dotible ring. In the 
second and in the first transmission direction, 
respectively, and 

with a protection connection corresponding to an 
operational connection over a section of the double ring 
between a pair of adjacent nodes for the transmission of a 
WDM signal, by way of a portion of the double ring which is 
complementairy to said section, in the event of an error 
... condition of the operational cozmectlon overuthe section of 
the double ring, 
characterised In that 

the complementary . portion of the doiible ring cosnprises a 
further section between a further pair of adjacent nodes in 
the double ring, which further section is arranged for 
transmitting an optical signal having a low priority, which 
gives way to the transmission of an optical signal having a 
high priority, with the signal havdlng a high priority 
Including said WDM signal In the event of said error 
condition . 

14. Annular optical transmission network according to claim 13, 
characterised in that 
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each of the nodes on either side o£ the fiurther section of the 
double ring is provided with 

+ optical detection means for detecting an optical signal 
having a high priority on the protection connection, and 
optical switching means for switching on and off the 
transmission of an optical signal having a low priority 
over the further section of the double ring under control 
of the optical detection means. 

15. I -Annular*: optical transmission xaS^ 
characterised in that 

the signals having a high and a low priority are WDM 
signals r with the WDM signal of the signal having a low 
•^priority conq^rising several WDM channels which sure a subset 
of the nuniber of WDM channels in the WDM signal of the 
signal having a high priority; 

QADNs, included with one another in one and the same ring 
on either side of the further section in the protection 
connection, the switcliing means and the detection means 
being part of the QADM, with, per OADH 
+ the detection meeuis being GO\qpled to at least one of the 

WDM channels of the signal having a high priority, and 
•4* the switching means per WDM channel of the signal having a 

low priority including a switch which, under the control of 
the detection means, has two switching modes - a first 
switching mode for adding smd dropping signals with a low 
priority, and a second switching mode for passing on 
signals having a high priority. 

16. Annular optical transmission network according to claim 15, 
characterised in that 

the high-priority signal includes a WDM channel having a 
wavelength which is specif ic to the high-priority signal, 
and the detection means are coupled to the WDM channel 
having said specific wavelength for driving the switch of 
each WDM channel of the signal having a low priority. 
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17. Annular optical transmission network according to claim 15, 
characterised In that 

a signal having a high priority over the protection 
connection by way of the first ring Includes a WDM channel 
having a first wavelength which is specific to the slgnaJ. 
having a high priority in the first transmission direction, 
and the signal having a high priority over the protection 
connection fay way of the second ring includes a WDM signal 
having a second wavelength which is specific to the signal 
. having a high priority in' thie second tranismission ^ 
direction/ and the detection means include a first and a 
second optical -signal detector, which first signal detector 
is coupled to the WDM channel having the first specific 
%^velength. for driving the switch of each WDM channel of 
the signal having a low priority over the protection 
connection by way of tbe first ring, and which second 
signal detector is coupled to the WDM channel having the 
second specific wavelength for driving the switch of each 
WDM channel of the signal having a low priority over the 
protection connection by way of the second ring. 

18. Annulaur optical transmission network according to claim 17, 
characterised in that 

a WDM signal over an operational connection by way of ^^the 
first ring between each pair of adjacent nodes Includes a 
WDM channel having the second specific wavelength, and a 
WDM channel over an operational connection by way of the 
second ring between each pair of adjacent nodes Includes a 
WDM channel having the first specific wavelength. 

19. Annular optical transmission network according to claim 15, 
characterised in that 

the detection means per WDM channel Include an optical- 
signal detector for controlling the switch associated with 
the WDM channel in q[uestlon. 



THIS PAGE BUNK (usPTO) 



wo 01/05083 



PCT/EPOO/06403 




PAGE BLANK 



(USPTO) 



wo 01/05083 



PCT/EPOO/06403 



2/7 




FIG. 2 




FIG. 3 



THIS PAGE BUNK (uspto) 



wo 01/05083 



PCT/EPOO/06403 



3/7 




FIG. 4 



TH'S PAGE BLANK 



(USPJD) 



wo 01/05083 



PCT/EPOO/06403 




FIG. 5. 



'THIS PAGE BUNK 



mpTO) 



wo 01/050S3 



5/7 



PCT/EPOO/06403 




FIG. 6 



THIS RASE BUNK 



(USPTO) 



wo 01/05083 



6/7 



PCT/EPOO/06403 




FIG. 8 



THIS PAGE BUNK (uspto) 



wo 01/05083 



7/7 



PCT/EPOO/06403 



R1 



trH(A,s2) 




R1 



trL(1) 



FIG. 9 



INTERNATIONAL SEARCH REPORT 



A. CLASSIRCATION OF SUBJECT HATTER 

IPC 7 H04J14/02 H04B10/213 



Accofding to Intemationat Patent aassitfeation (IPC) or to lioth national dassificatian and IPC 



i 



Intern? al Application No 

PCT/EP 00/06403 



a FiEUIS SEARCHED 



Minimum documentation searched (classification system followed by dasstfication symbols) 

IPC 7 H04B 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 



Bectronic data base consulted during the intemattcnal search (name of data base and. where practical, search terms used) 

PAJ, WPI Data, EPO-Internal 



a OOCU««ENTS CONSIDERED TO BE RELEVANT 



Category" Qtation of document, with indicxition. where appropriate, of the relevant passiages 



Relevant to dann Mo: 



X 

A 

X 
A 



MO 97 09803 A (NORTHERN TELECOM LTD) 

13 March 1997 (1997-03-13) 

page 11, line 24 -page 12, line 18 

abstract; figures 2,4,7 

EP 0 859 484 A (HITACHI LTD) 

19 August 1998 (1998-08-19) 

column 11, line 54 -column 12, line 6 

abstract; figures 1,5 

-/— 



1.2.4,5 

3,6-8, 
13-15 



1 

5.13 



Further documents are listed in the coritinualion of box C 



Patent family members are listed In arvtex. 



" Special categories of cited documents : 

'A" document deflnirtg the general state of the art wtiich is not 
considered to be of particular relevance 

'E* earlier document but published on or after the international 
fifing date 

"L' document wtiich may throw doubts on priority datmfs) or 
wtiich is cited to estatslish the putification date of another 
citation or other special reason (as specified) 

'O* document refening to an oral disclosure, use. exfiibition or 
other means 

*P* document putiGshed prior to trie intematlonai filing date but 
later than the priority date claimed 



1* tater document published after the intemationai filing date 
or priority date and not in conflict with die application but 
cited to understand the principle or theory undeiiying ttie 
invention 

"X* document of particular rdevarKe; \h& claimed Invention 
cannot toe considered novel or canrust be cortsidered to 
involve an invenlh«e step when the document Is taken alone 

"Y* documentofpaiticulaf relevance: the claimed Invention 

cannot he considered to involve an Inventive step when the 
document is combined with one or more other such docu- 
ments, such cmt^ination being obvious to a person skiQed 
.in the art. 

*&' document meml>er of the same patent family 



Date of the actual completion of the intemationai search 



25 October 2000 



Date of mailing of the intemafional search report 

06/11/2000 



Name and mailing address of the ISA 

European Patent Office. P.B. 5816 Patentlaan 2 
NL-2280HVRrjSwijk 
Tel, (+31 -70) 340-204a Tx. 31 651 epo nl. 
Fax: (431-70) 34&>3018 



Authorized officer 



Goudells, M 



Form PCT/ISAffilO (seoond fihaal) (July 1992) 



page 1 of 2 



INTENTIONAL SEARCH REPORT ^ ..^.^^ 
W mF/E? 00/06403 


a(Contlnuatlon) OOCUMEMTS CONSIDERED TO BE RELEVANT 


Categoiy* 


Citation of document with indication,wher» appropriate, of the relevant passages 


Relevant to daim No. 


A 


ARECCO F ET AL: "A TRANSPARENT, 

ALL-OPTICAL, METROPOLITAN NETWORK 

EXPERIMENT IN A FIELD ENVIRONMENT: THE 

PROHETEO SELF-HEALING RING" 

JOURNAL OF LIGHTWAVE TECHNOLOGY, US, IEEE. 

NEW YORK, 

vol. 15, no. 12, 

1 December 1997 (1997-12-01), pages 

2206-2212, XP 000727508 

ISSN: 0733-8724 

cited In the application 

abstract; figures 1,2,5 


1.2,13 



Fbrni PCT/ISAffilO (oontinuaiianof second sheet) <July 1992) 



page 2 of 2 



nVTE 



TIONAL SEARCH REPORT 

rmatlon on iMttent family membors 



iflhMem.' lal Application No 

^PCT/EP 00/06403 



Patent document 
cited in search report 



Publication 
date 



Patent family 
memt>er(s) 



Publication 
date 



wo 9709803 



13-03-1997 



EP 
JP 
US 



0848873 A 
10511250 T 
5933258 A 



24-06-1998 
27-10-1998 
03-08-1999 



EP 0859484 A 19-08-1998 JP 10233735 A 02-09-1998 

CN 1202057 A 16-12-1998 



Paim PCT/ISAAIO (patent family annaiO (JUfy 1992) 



THIS PAGE BLANK 



(USPTO) 



